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Coronavirus disease of 2019 (COVID-19) has caused over 315,000 deaths worldwide. Although coronavirus-severe acute respiratory syndrome (SARS) and coronavirus-Middle East respiratory syndrome (MERS) have higher mortality rates than COVID-19, the rapid spread of COVID-19 has caused more overall deaths \[[@CR1]\]. Different factors are responsible for the mortality in COVID-19. Acute respiratory distress syndrome (ARDS) is counted as the leading cause of mortality in severe acute respiratory syndrome (SARS) and Middle East respiratory syndrome (MERS), as well as in COVID-19 \[[@CR2]--[@CR4]\]. However, other factors also contribute to COVID-19 related deaths. Shi et al. showed a significant higher risk of cardiac injury among patients \[[@CR5]\] .In addition, Li et al. reported acute kidney injury as an important predictor of mortality \[[@CR6]\]. Overall, the pathogenesis of the disease can broadly be described by two theories, including direct viral cytopathy and the systemic inflammatory cascade of events.

Discussion {#Sec2}
==========

Oudit et al. extracted SARS-CoV viral RNA from 35% of infected patients' cardiac tissue upon autopsy \[[@CR7]\]. SARS-CoV virus fragments were reported in urine and blood specimens of infected patients \[[@CR8]\]. Furthermore, Su et al. detected SARS-CoV-2 in kidney tissue \[[@CR9]\]. Xu et al. investigation on a COVID-19 patient's liver biopsy specimen raised the possibility of direct injury due to SARS-CoV-2 virus \[[@CR10]\]. These studies allow us to postulate that COVID-19 is not just a respiratory disease, but a multi-systemic syndrome involving lungs, kidneys, heart, and other ACE-2 positive organs.

ACE-2 is shown to be one cellular host receptor for SARS-CoV-2, similar to SARS-CoV \[[@CR11]\]. ACE-2 might be important in the etiology of lethal complications and findings in COVID-19 patients. ACE-2 expressing organs seem to be the main targets in COVID19. Expression of ACE-2 was observed within the renal tubules, myocardial cells, alveolar cells of the lungs, enterocytes, and the endothelium, as well as the brain and the oral mucosal lymphocytes \[[@CR12], [@CR13]\]. Lethal complications, including ARDS, acute kidney injury, acute cardiac injury, and lymphocytopenia, might be explained by these observations.

The main focus of this letter is on direct viral cytopathic theory to explain the pathogenesis of COVID19. Considering this theory alongside multi-systemic inflammatory cascade theory can revolutionize the management of COVID-19 and its complications.

ACE-2 blockade is one method of blocking viral entry and further tissue damage. The proposed mechanism of viral entry upon ACE-2 binding of Spike-1 is endocytosis mediated by clathrin. However, targeting the virus's endocytic pathways and viral replication might be effective in mitigating lethal complications. As previously shown, clathrin-mediated endocytosis is the main pathway for virus entry, while double-membrane vesicles formation and autophagy in the host cell is the mechanism for viral replication \[[@CR14]\]. Chlorpromazine approved by USFDA as an antipsychotic medication, with minimal side effects, including dizziness and dry mouth inhibits clathrin-mediated endocytic pathway and has previously been shown to inhibit the entry of SARS-CoV and MERSCoV.

Transmembrane protease, serine 2 (TMPRSS2) is another factor facilitating SARS-CoV and MERS-CoV entry into the cell \[[@CR16]\]. In MERS-CoV, furin-mediated precleavage at the S1/S2 site in infected cells might promote subsequent TMPRSS2-dependent entry into target cells \[[@CR17]\]. Nafamostat, a clinically proven protease inhibitor, inhibits TMPRSS2 with a half-life of 8 min and can reduce the severity of the disease based on direct viral cytopathic theory \[[@CR16]\].

Imatinib, a protein-tyrosine kinase inhibitor that inhibits the BCR-ABL tyrosine kinase which is approved to treat chronic myeloid leukemia by inhibiting ABL oncogenetic pathway has previously shown success in disrupting the viral entry mechanism of both SARS-CoV and MERS-CoV into the cell; hence, it can also be considered as a potentially useful drug to treat patients with severe forms of COVID-19.
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Therefore, trialing the use of clathrin-dependent endocytosis inhibitors and lysosomotropic agents seem to be an option \[[@CR14]--[@CR16]\]. Moreover, previous in vitro studies have shown benefits of Nafamostat, a TMPRSS2 inhibitor, and Imatinib, an ABL oncogenetic pathway inhibitor in disrupting the viral entry mechanisms of SARS-CoV and MERS-CoV; hence these drugs may possibly prove to be effective in targeting direct viral cytopathy of SARS-CoV-2 \[[@CR14], [@CR16]--[@CR18]\]. Ultimately, all these options can be considered alongside drugs that target specific steps in the lifecycle of RNA viruses for there to be a chance of efficacy in treating COVID-19 patients.
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